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ABSTRACT
A model-dependent method is proposed to determine the location of the γ-ray emitting region for
a given flat spectrum radio quasar (FSRQ). In the model, the extra-relativistic electrons are injected
at the base of the jet and non-thermal photons are produced by both synchrotron radiation and
inverse-Comtpon (IC) scattering in the energy dissipation region. The target photons dominating
inverse-Comtpon scattering originate from both synchrotron photons and external ambient photon
fields, and the energy density of external radiation field is a function of the distance between the
position of dissipation region and a central super-massive black hole, and their spectra are seen in the
comoving frame. Moreover, the energy dissipation region could be determined by the model parameter
through reproducing the γ-ray spectra. Such a model is applied to reproduce the quasi-simultaneous
multi-wavelength observed data for 36 FSRQs. In order to define the width of the broad-line region
shell and dusty molecular torus shell, a simple numerical constraint is used to determine the outer
boundary of the broad-line region and dusty molecular torus. Our results show that 1) the γ-ray
emitting regions are located at the range from 0.1 pc to 10 pc; 2) the γ-ray emitting regions are
located outside the broad-line regions and within the dusty molecular tori; and 3) the γ-ray emitting
region are located closer to the dusty molecular torus ranges than the broad-line regions. Therefore,
it may concluded that a direct evidence for the far site scenario could be obtained on the basis of the
model results.
Subject headings: radiation mechanisms: non-thermal - Galaxies: jets - quasars: general - gamma-rays:
galaxies
1. INTRODUCTION
The powerful γ-ray emission, arising from the jet emis-
sion taking place in an radio-loud active galactic nuclei
(AGN) whose jet axis is closely aligned with the ob-
server’s line of sight (Urry & Padovani 1995), is a dis-
tinctive feature of a flat spectrum radio quasar (FSRQ).
It is generally accepted that the γ-ray photons with
energy above 100 MeV are probably attributed to the
inverse-Compton scattering (ICS) off external ambient
photon fields. There are two kinds of origins describing
the target photons for ICS in the FSRQs, the ultravio-
let photons from the gas in the broad-line region (BLR;
e.g. Sikora et al. 1994; Fan et al. 2006) and/or the
infrared photons from the dusty molecular torus (MT;
Blazejowski et al. 2000; Arbeiter et al. 2002; Sokolov
& Marscher 2005), essentially resulting to both near site
and far site of the γ-ray emission regions (e.g. Dotson et
al. 2012). In the near site scenario, the electron energy is
dissipated inside the broad-line region (BLR) (e.g. Ghis-
ellini & Madau 1996; Georganopoulos et al. 2001) that
locates at distances of < 0.1-1 parsec (pc) from a cen-
tral super-massive black hole (SMBH), while the far site
scenario argues that the electron energy is dissipated at
several pc far from the SMBH (e.g. Lindfors et al. 2005;
Sokolov & Marscher 2005; Marscher et al. 2008), where
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the dominating population of the target photons will be
from the MT, and the jet starts to be visible at the mil-
limeter wavelength.
A large area telescope onboard the Fermi (Fermi-LAT)
has shown the evidences for the high energy γ-ray emis-
sions produced in the frame of near site (Atwood et al.
2009). It has detected flares with variability timescale
∼ 104 s in some FSRQs (e.g. Abdo et al. 2009a; Abdo
et al. 2010a; 2010b; Ackermann et al. 2010; Tavecchio
et al. 2010; Foschini et al. 2011). Assuming that the
entire cross section of the jet is emitting, above vari-
ability timescales would determine a dissipation region
with a scale . 0.1 pc. Alternatively, the near site sce-
nario is possible to explain the sharp breaks at GeV seen
in the γ-ray spectra of some FSRQs by the opacity to
pair production (Liu & Bai 2006; Liu et al. 2008a; Bai
et al. 2009; Poutanen & Stern 2010; Stern& Poutanen
2011). However, the sub-parsec scale energy dissipation
is challenged by multi-wavelength simultaneous observa-
tions and polarimetry. In several cases, the optical po-
larimetry during an optical and γ-ray flare shows the po-
larization behavior similar to that observed in simultane-
ous very long baseline interferometry (VLBI) (Marscher
et al. 2008; 2010; Abdo et al. 2010a; Jorstad et al. 2010;
Agudo et al. 2011a). These facts indicate that both the
bulk of γ-ray emissions are produced at further distances,
even at distances of the order of 10-20 pc from the SMBH
(Larionov et al. 2008; Sikora et al. 2008), and the γ-ray
and VLBI jet emission sites seem to be co-spatial (e.g.
Marscher et al. 2010; Jorstad et al. 2010; Agudo et al.
2011a; 2011b).
As an open issue, the origin of external ambient pho-
ton fields dominating the ICS in FSRQ jets should be
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traced. Since the target photons can be determined by
the location of the γ-ray emitting region in the jet (e.g.
Ghisellini & Tavecchio 2009; Sikora et al. 2009; Ghisellini
et al. 2010a; Agudo et al. 2011a), we argue that the scale
of the energy dissipation region should be a clue on the
ambient photon fields. There are two main diagnostics
in the literature for the energy dissipation region: (i) the
variability (e.g. Jorstad et al. 2010; Abdo et al. 2010c;
Tavecchio et al. 2010; Liu et al. 2011a; 2011b; Agudo
et al. 2012a; 2012b; Grandi et al. 2012; Brown 2013;
Ramakrishnan et al. 2015), and (ii) the spectral energy
distribution (SED) (e.g. Dermer et al. 2009; Ghisellini
& Tavecchio 2009; Zdziarski et al. 2012; Georganopoulos
et al. 2012; Kang et al. 2015). Because the variability
argument only implies a small dissipation region but not
at any particular location (e.g. Giannios et al. 2009),
the both the nature of target photons that depends on
the accretion disc model (e.g. Shakura & Sunyaev 1973;
Narayan & Yi 1994; 1995) and the electron energy dissi-
pation location that is connected to the jet formation and
collimation process (Vlahakis & Ko¨nigl 2004; Marscher
et al. 2008; Malmrose et al. 2011) should be take into
account for the SED argument. In these scenarios, the
issue of the γ-ray emitting region remains open.
In order to trace the origin of external ambient pho-
ton fields in the FSRQ’s jets, in this paper, we propose
a model-dependent method to determine the location of
the γ-ray emitting region. In §2, we characterize the
model; in §3, we give some numerical results, focusing on
the location of the γ-ray emitting region; in §4, we de-
scribe the sample; in §5, we model the distance between
the dissipation region position and the SMBH on the ba-
sis of reproducing the SEDs of a FSRQ sample; and in
§6, we give the conclusion and discussion. Throughout
the paper, we assume the Hubble constant H0 = 75 km
s−1 Mpc−1, the matter energy density ΩM = 0.27, the
radiation energy density Ωr = 0, and the dimensionless
cosmological constant ΩΛ = 0.73.
2. THE MODEL
The expected photon spectra in the context are pro-
duced by the model within the lepton model frame
through both synchrotron radiation and ICS. In the
model, we basically follow the approach of Potter &
Cotter (2012) to calculate the length evolution of the
electron spectrum along with a stationary jet structure,
and these electrons produce nonthermal photons through
synchrotron radiation. We assume a length-dependent
external ambient field which includes both BLR and MT
for the ICS (Zheng & Yang 2016). The model is charac-
terized by following setups.
2.1. Geometry of the jet structure
In the model, the relativistic plasma propagates with
an associated bulk Lorentz factor Γ in a stationary funnel
whose structure is constant with time in the lab frame,
and the geometry is a truncated cone of the length ΓL
where the length of the jet in the lab frame is related to
that in the fluid frame by a simple Lorentz contraction.
We define the dynamic variable x as the length along
with the jet axis in the fluid frame, where x = 0 is the
base of the jet and x = L is the end of the jet, so we can
parameterize the geometry of the jet as follow:
R(x) = R0 + x tan θopen , (1)
where R(x) is the radius of the jet at the length x, R0 is
radius at the base of the jet, and θopen is a half opening
angle of the cone. We note that the jet opening angle
θ′open in the lab frame is related to the fluid frame opening
angle θopen via Γ tan θ
′
open = tan θopen. The stationary
jet structure and magnetic energy conservation in each
segment is determined by Eq. (1) could have a relation:
B(x) = B0
R0
R(x)
, (2)
where B(x) is the magnetic field of the jet at the length
x, and B0 is the magnetic field at the base of jet. The re-
lation describes a pure toroidal field distribution in which
the magnetic flux is parallel to the jet axis that increases
with x.
2.2. Energy equipartition
It is well known that both the particle energy and field
energy dominate the total energy of the jet plasma (e.g.
Celotti & Fabian 1993; Celotti et al. 2007; Finke et al.
2008). The energy equipartition could provide a min-
imum power solution on the emissions from the blazar
jet. In the black hole-jet system, the relation between
the particle energy and field energy depends on the un-
certain jet formation, particle acceleration, and radiation
mechanisms (e.g. Dermer et al. 2014). However, the
baryon composition of the system is poorly known now
(e.g. Reynolds et al. 1996; Kataoka et al. 2008; Ghis-
ellini 2012; Kino et al. 2012). In our model, we assume
that a condition of the equipartition holds between the
magnetic field energy density UB and the non-thermal
electron energy density Ue. In order to establish a pa-
rameter connection between the UB and Ue, we assume
a equipartition fraction Aequi,
Aequi =
UB
Ue
. (3)
From this equipartition fraction, a relation between B0
and R0 is found as (Potter & Cotter 2012)
R0 =
√
2EjAequiµ0
Γ2(πB20)(1 +Aequi)
, (4)
where Ej = Pj/c is the energy contained in a section
of plasma with the width of 1 m and Pj is the total jet
power in the x-direction in the lab frame.
2.3. Electron evolution
The present model is to evolve the electron population
dynamically along with the jet by taking into account
energy losses from synchrotron emission and ICS. We
consider the electron population in a slab with the width
of 1 meter in the comoving frame and the jet structure
is relative motion to the slab. Since a section of the
jet with the width of dx at any length x containing n
meter slabs travels with the velocity of light c towards
the slabs, a slab takes n/c seconds to cross the section
in the fluid frame. It is noted that the electrons in a
slab lose an amount of the energy which is equal to the
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total power Ptot(x, dx,Ee) emitted by the section in the
comoving frame divided by c (Potter & Cotter 2012).
In this scenario, the evolution of the electron population
along with the jet due to energy losses can be found by
solving:
Ne(Ee, x+ dx) = Ne(Ee, x)− Ptot(x, dx,Ee)
cEe
, (5)
where Ee is the electron energy in comoving frame. As-
suming that electrons emit all of their energy at a critical
frequency νcr(x) = 3eE
2
eB(x)/4πm
3
ec
5, we can obtain
Ptot(x, dx,Ee) = Psyn(x, dx,Ee) + Pic(x, dx,Ee) , (6)
where Psyn(x, dx,Ee) is the synchrotron emission power
and Pic(x, dx,Ee) is the ICS power corresponding to a
critical energy Ecr(x) = hνcr(x) at the jet length x. In
order to solve Eq.(5), a initial injected electron distribu-
tion with the cut off energy Ee,cut has been assumed,
Ne(Ee, 0) ≃ A0Eαe e−Ee/Ee,cut , (7)
where, A0 ≃ (2 − α)Ej/[Γ2(1 + Aequi)(E2−αe,cut − E2−αe,min)]
(Potter & Cotter 2012) with the initial injected electron
minimum energy Ee,min , and α is electron spectral in-
dex.
2.4. Synchrotron photon fields
In order to produce the synchrotron photons through
the jet fluid, we expect to know the opacity of the plasma.
Assuming that the photons are observed at an angle
smaller than the opening angle of the jet in the lab frame,
Potter & Cotter (2012) argued that the observer sees
through to the layer within the opening angle where the
total column optical depth is approximately 1 and be-
yond this there is an exponentially decreasing contribu-
tion from further layers. This suggests that the total
absorption optical depth τtot(Es, x) is the summation of
the optical depths from each segment. In this scenario,
we could obtain the τtot(Es, x) in the comoving frame
using the Lorentz transform,
τtot(Es, x) =
∫ L
x
k(Es, x)Γ
2(
1
cos θobserve
− β)dx , (8)
where Es is the energy of the synchrotron photon,
k(Es, x) is the synchrotron absorption coefficient at the
jet length x, θobserve is the angle of observer’s line of sight
to the jet axis in the lab frame, and β is the speed of jet
material in the unit of c. Introducing a fully integration
with the modified Bessel functions of order 5/3 to sub-
stitute for an approximate single energy emitting in Eq.
(6), we write the synchrotron emission photon producing
rate by an individual segment with the width dx in the
comoving frame as.
wsyn(x, dx,Es)=
√
3e3B(x)
hmec2
∫ Ee,cut
Ee,min
Ne(Ee, x)
×F
[
Es
Ecr(x)
]
dEe , (9)
We could approximate the energy density of the syn-
chrotron photon field usyn(x) in the comoving frame by
setting
usyn(x)=
1
2πR(x)c
∫ Es,max
Es,min
wsyn(x, dx,Es)
× e−τtot(Es,x)dEs . (10)
2.5. External ambient fields
We consider the contribution of the external ambi-
ent field that includes both BLR and MT. We assume
that: (i) the BLR is a shell located at a characteris-
tic distance RBLR ∼ 1017(Ld/1045erg s−1)1/2 cm (e.g.
Ghisellini & Tavecchio 2008), and its spectral shape ob-
served in the comoving frame is a Maxwellian distri-
bution peaking at photon energies of Lyman α with
EBLR ∼ 10 eV × Γ; (ii) there is a MT (e.g. Blazejowski
et al. 2000; Sikora et al. 2002) at characteristic distance
RMT ∼ 2.5×1018(Ld/1045erg s−1)1/2 cm (e.g. Ghisellini
& Tavecchio 2008), and its spectral shape observed in the
comoving frame is also a Maxwellian distribution peak-
ing at photon energies of dust with EMT ∼ 0.3 eV × Γ.
Where Ld is the luminosity of a accretion disc. We note
that the defined initial location (x = 0) of the γ-ray
production site in the model would not show the real
distance between the SMBH and the base of the jet. In
order to derive a correlation between external ambient
field and energy dissipation region, we use the distance r
between the position of dissipation region and the SMBH
(e.g. Dermer et al. 2014) to parameterize the energy
density of BLR and MT in the jet comoving frame (e.g.
Hayashida et al. 2012; Zheng & Yang 2016),
uBLR(r) =
τBLRΓ
2Ld
3πR2BLRc[1 + (r/RBLR)
βBLR ]
, (11)
and
uMT(r) =
τMTΓ
2Ld
3πR2MTc[1 + (r/RMT)
βMT ]
, (12)
where, r = x0 + x with the real distance x0 between the
SMBH and the base of the jet in the comoving frame,
τBLR and τMT are the fractions of the disc luminosity
Ld reprocessed into broad lines region and hot dust ra-
diation, respectively. In our calculation, we adopt the
radiation density profile βBLR = 3 (e.g. Sikora et al.
2009) and βMT = 4 (e.g. Hayashida et al. 2012), re-
spectively. It can be seen that the BLR component is
generated at distances ∼0.1 pc, much smaller than the
MT that is produced at distances ∼1-10 pc. In both
cases the photon densities decrease rather steeply with
radius at distances beyond their characteristic radii, and
achieve uniform densities at smaller distances.
2.6. ICS off target photon fields
We consider that target photons dominating ICS origi-
nate from both synchrotron photon and external ambient
photon fields. In the model, we can write the total co-
moving target photon field utar(x) at the jet length x
through the expression
utar(x)=usyn(x) + uBLR(r = x0 + x)
+uMT(r = x0 + x) . (13)
The Klein-Nishina (KN) effect is properly considered in
the ICS by using fully KN cross section (e.g. Rybicki
4 Zheng et al.
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Fig. 1.— The expected ICs spectra with different initial energy
dissipation region x0. The dotted color curves represent ICs off the
synchrotron photon fields, the dashed color curves represent ICs
off the external ambient fields, and the solid color curves represent
the total spectra. Marks near color curves represent the initial
energy dissipation region x0. We adopt the parameters as follows:
Pj = 1.0 × 1045 erg s−1, L = 10 Kpc, B0=0.15 G, Aequi=0.001,
Emin=5.0 MeV, Ecut = 1.0× 10
3 MeV, Ld = 6.0 × 10
45 erg s−1,
τBLR=0.08, τMT=0.3, α=2.0, θ
′
open = 2.0
◦, θobs = 3.0
◦, Γ=8.0.
& Lightman 1979; Blumenthal & Gould 1979). We de-
rived the total synchrotron emission and ICS contribu-
tion through integrating every segment from x = 0 to
x = L. Then we could reproduce the observed spectra
at the Earth.
3. NUMERICAL RESULTS
We argue that, due to the dependence of the energy
density of external ambient field on the energy dissipa-
tion region x, so the assumption of target photons domi-
nating ICS from BLR, together with MT is valid. We test
the expected ICS spectra with different initial energy dis-
sipation region x0 in Fig.1. We find that 1) the ICS spec-
tra significantly depend on the location of initial energy
dissipation region; 2) when the initial energy dissipation
region x0 is at large distances, we could neglect the con-
tribution of the external ambient field. We emphasize
though the parameter x0 is a constant for a source, the
energy density of external ambient field should change
with the emission region moving along with the jet x-
axis continuously.
In order to penetrate the location of the γ-ray emission
region, we show the length-dependent normalized ICs in-
tensity in the different energy band in Fig.2. It can be
seen that 1) the energetic γ-ray photons are produced
in different emission regions; 2) the γ-ray photons with
higher energy are produced near the base of the jet, on
the contrary, the γ-ray photons with lower energy are
produced at large distance from the base of the jet; 3)
when the parameter x0 increases, the MeV-GeV γ-ray
emission region is far from the base of the jet with a con-
straint of x . x0. As shows in Fig.2, there is very little
change for such a large change in x0. We note that the
radius at distance of 5 pc are around the characteristic
radius of MT, which shows that the photon densities do
not obviously decrease.
In the present model, as a free parameter, the distance
between the SMBH and the base of the jet x0 deter-
mines the energy densities of BLR and MT at the base
of the jet, and the intensity of the external Compton
component. Because we derived the total ICS contribu-
tion through integrating every segment from x = 0 to
x = L, we change the energy dissipation region from x0
to x0 + L in the fluid frame. We propose that numer-
ical results present a diagnostic on the location of the
γ-ray emission region. Since the parameter x0 could be
obtained through finding a advisable external ambient
field, we could determine the energy dissipation region
by parameter r = x0 + x through reproducing the γ-ray
spectra.
4. THE SAMPLE DESCRIPTION
With the aim of tracing the the origin of external
ambient photon fields in FSRQs jets, we expect the
sample to satisfy the criterion: i) the source is ob-
served intensively in MeV-GeV γ-ray energy band, and
ii) a multi-wavelength simultaneous/quasi-simultaneous
observations are available. Furthermore, we want to have
the radio simultaneous/quasi-simultaneous data to con-
strain on the length and magnetism of the jet (Zheng &
Yang 2016). On the basis of above criterion, we select
36 FSRQs from Giommi et al. (2012) and Paliya et al.
(2013), where the multi-wavelength simultaneous/quasi-
simultaneous observations by Plank, Swift, Fermi-LAT
and other some ground-based telescopes are accumu-
lated. The source names of the sample are listed in Table
1. Because the simultaneous observational data in the
radio, optical and X-ray energy bands are not available
for the sources PKS 0215+015, PKS 0528+134 and PKS
1502+036, we adopt the literature or archival data in the
radio, optical, and X-ray energy bands. Since accurate
SEDs in MeV-GeV γ-ray energy band are expected, we
also contain the Fermi-LAT data integrated over a pe-
riod of 27 months from August 4, 2008 to November 4,
2010.
5. APPLICATIONS
5.1. Modelling the SEDs
Using the synchrotron radiation and ICS solution for
the conical jet structure, we can reproduce the SED for
each source in the sample. We note that the spectrum
derived from the model is described by the geometry
and physical parameters of the jet (Pj , L, B0, x0, Aequi,
θopen, θobs and Γ), the initial injected electron distribu-
tion (α, Emin and Ecut) and the external ambient fields
(Ld, τBLR and τMT). It is well known that these param-
eters are not directly observable. On the other hand,
they are coupled with each other in the framework of the
length-dependent conical jet model. In these scenarios,
it will take too long time to reproduce the best SED if
we allow all of the parameters to be free. In order to de-
termine the parameters reliable, we list some constraints
that characterize the parameters:
(1) statistical results show that the typical jet pow-
ers of FSRQs are in the range of 1045 erg s−1 ≤ Pj ≤
1048 erg s−1 (e.g. Ghisellini & Tavecchio 2008; Ghisellini
2010b; Kang et al. 2015);
(2) we could give a constraint on the length of the jet
L and the magnetic field B0 at the base of the jet from
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Fig. 2.— The length-dependent normalized ICs intensity in the different energy band. Marks near the curves represent the γ-ray photon
energy in the unit of GeV. We adopt the parameters as follows: Pj = 1.0× 1045 erg s−1, L = 10 Kpc, B0=0.15 G, Aequi=0.001, Emin=5.0
MeV, Ecut = 1.0× 103 MeV, Ld = 6.0× 10
45 erg s−1, τBLR=0.08, τMT=0.3, α=2.0, θ
′
open = 2.0
◦, θobs = 3.0
◦, Γ=8.0.
a radio spectrum (Zheng & Yang 2016);
(3) the angle of observer’s line of sight to the jet axis
in the lab frame is θobs ≤ 5◦ (Urry 1995);
(4) electron spectra index α is thought to be between
1 and 3 from the theory of the shock acceleration (Bell
1978; Bell et al. 2011; Summerlin & Baring 2012);
(5) we adopt a simplified Shakura-Sunyaev disk spec-
trum (Dermer et al. 2014) as follows:
ǫLd(ǫ) = 1.12Ld(
ǫ
ǫmax
)4/3 exp(− ǫ
ǫmax
) (14)
where ǫ is the photon energy that is emitted by the ac-
cretion disk. While the value of ǫmax depends on the spin
of the black hole and relative Eddington luminosity, we
set a typical characteristic temperature of the UV bump
in Seyfert galaxies with ǫmax ∼ 10 eV. The accretion
disk produces a total luminosity Ld = ηM˙c
2, where M˙
is the accretion rate and η is the accretion efficiency. It
is known that the efficiency of conversion for nuclear re-
action is η = 0.007 and that for pure accretion is η = 0.1.
If we set η = 0.08 (e.g. Ghisellini 2010b), and we adopt a
Eddington accretion rate M˙ = 1.39×1018(M/M⊙) g s−1
with M ∼ 109M⊙, we could estimate an accretion-disk
luminosity Ld . 10
46erg s−1.
Following the above constraints, we could search for
the electron and photon spectra along x-axis of the jet.
Assuming a steady geometry of the jet structure for a
source, and a immovable position of the observer during
in observed epoches, we calculate the electron and pho-
ton spectrum in every segment from x = 0 to x = L.
We consider that observed spectrum is a summation of
each segment. Therefore, we can calculate the observed
spectrum using the photon spectrum in every segments
from x = 0 to x = L. We list these parameters in Table
1. The columns in this table are as follows.
1. source name;
2. z, redshift;
3. Pj , total jet power in the unit of erg s
−1;
4. L, the length of the jet in the unit of pc;
5. B0, the magnetic field at the base of jet in the unit
of G;
6. x0, the distance between the SMBH and base of jet
in the unit of pc;
7. Ee,min, the minimum energy of initial injected elec-
tron in the unit of MeV;
8. Ee,cut, the cut off energy of initial injected electron
in the unit of MeV;
9. Ld, the luminosity of a accretion disc in the unit of
erg s−1;
10. τBLR, the fraction of the disc luminosity repro-
cessed into broad lines region;
11. τMT, the fraction of the disc luminosity Ld repro-
cessed into hot dust radiation;
12. α, the electron spectra index;
13. θ′open, the half opening angle of the cone;
14. θobs, the angle of observer’s line of sight to the jet
axis;
15. Γ, the bulk Lorentz factor;
16. N , the number of simultaneous observational data
points;
17. χ2, the χ2 = 1N−dof
N∑
i=1
( yˆi−yiσi )
2, where dof are the
degrees of freedom, i.e. the number of free parameters
used for the model. The yˆi are the expected values from
the model and the yi are the observed data. σi is the
standard deviation for each data point. We take 1% of
the observed radio and optical flux and take 2% of the
observed UV and x-ray flux as the errors of the data
points whose errors are available (e.g., Zhang et al. 2012;
Aleksic et al. 2014).
In Figures 3-8, we show the multi-wavelength spectra
of the sources in the sample, respectively. For compari-
son, the observed data of the sources are also shown. In
these figures, the simultaneous data are shown in red;
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TABLE 1
The parameters of model spectra .
Source name z Pj L B0 x0 Aequi. Emin Ecut Ld τBLR τMT α θ
′
open. θobs. Γ N χ
2
... ... erg s−1 pc G pc ... MeV MeV erg s−1 ... ... ... ... ... ... ... ...
III ZW 2 0.089 2.00 × 45 32 0.95 14.47 0.001 5.11 6.20 × 3 2.30 × 45 0.10 0.30 2.1 3.0◦ 2.0◦ 6.0 28 1.50
S4 0133+47 0.859 7.55 × 46 40 0.10 1.29 0.045 10.11 2.11 × 3 6.11 × 45 0.10 0.30 2.1 3.5◦ 2.3◦ 8.5 29 47.24
PKS 0202-17 1.740 1.90 × 47 94 0.15 5.97 0.015 5.11 9.00 × 3 6.51 × 45 0.80 0.85 2.1 3.0◦ 2.0◦ 12.0 34 3.30
PKS 0215+015 1.715 3.10 × 48 94 0.40 3.14 0.1 11.11 8.00 × 3 2.20 × 45 0.10 0.30 2.6 3.0◦ 2.0◦ 50.0 34 11.12
4C 28.7 1.213 5.85 × 46 950 0.45 1.70 0.09 6.11 1.01 × 3 3.12 × 45 0.10 0.50 2.1 3.0◦ 2.0◦ 14.0 29 16.98
PKS 0420-01 0.916 1.50 × 47 97 0.15 20.44 0.015 11.61 1.82 × 3 3.50 × 45 0.10 0.30 2.1 3.0◦ 2.0◦ 16.0 51 4.74
PKS 0454-234 1.003 3.02 × 46 32 0.30 0.41 0.15 5.11 1.75 × 3 5.11 × 45 0.10 0.30 2.1 3.0◦ 2.0◦ 10.0 25 29.79
PKS 0528+134 2.070 2.50 × 47 975 0.15 0.82 0.015 5.11 1.71 × 3 4.61 × 45 0.40 0.50 2.1 3.0◦ 2.0◦ 10.0 43 2.29
1Jy 0537-286 3.104 4.70 × 47 102 0.20 1.73 0.04 5.14 1.10 × 3 6.30 × 45 0.30 0.60 2.1 3.0◦ 2.0◦ 15.0 16 30.23
4C 71.07 2.218 4.31 × 47 189 0.22 2.64 0.016 6.11 2.10 × 3 6.51 × 45 0.83 0.86 2.1 3.0◦ 2.0◦ 12.0 53 3.76
S4 0917+44 2.190 8.70 × 47 197 0.32 2.55 0.1 5.11 1.10 × 3 5.80 × 45 0.01 0.30 2.1 3.0◦ 2.0◦ 28.0 53 0.92
4C 55.17 0.896 1.50 × 46 35 0.51 1.64 0.15 5.11 3.10 × 3 5.81 × 45 0.40 0.40 2.1 3.0◦ 2.0◦ 10.0 22 14.46
PKS 1124-186 1.048 2.30 × 46 67 0.70 0.28 0.65 5.11 2.01 × 3 4.21 × 45 0.05 0.30 2.1 3.0◦ 2.0◦ 9.0 44 6.96
PKS 1127-145 1.184 3.21 × 46 109 0.80 1.26 0.1 5.11 1.33 × 3 2.01 × 45 0.01 0.88 2.1 1.2◦ 1.0◦ 10.5 40 204.07
4C 49.22 0.334 7.21 × 45 94 0.80 4.43 0.015 5.11 1.01 × 3 3.05 × 45 0.01 0.80 2.1 3.0◦ 2.5◦ 9.0 58 3.46
4C 29.45 0.725 5.21 × 45 23 0.40 2.24 0.01 5.9 1.01 × 3 1.11 × 45 0.10 0.30 2.1 0.2◦ 0.1◦ 15.0 41 54.25
PKS 1219+04 0.965 4.01 × 46 96 0.50 1.64 0.015 7.11 1.51 × 3 1.01 × 45 0.08 0.96 2.1 3.0◦ 2.0◦ 12.0 27 18.01
3C 273 0.158 1.91 × 46 158 0.90 1.10 0.015 5.11 1.01 × 3 2.01 × 45 0.10 0.30 2.1 3.0◦ 2.0◦ 6.0 46 126.45
PKS 1244-255 0.635 1.70 × 46 95 0.60 0.95 0.015 5.11 7.01 × 3 1.81 × 45 0.10 0.30 2.1 3.0◦ 2.0◦ 8.0 48 5.24
3C 279 0.533 3.50 × 46 96 0.40 0.60 0.15 5.11 1.02 × 3 6.01 × 45 0.10 0.30 2.1 3.0◦ 2.0◦ 7.0 57 41.74
PKS 1502+106 1.839 3.32 × 47 4717 0.29 1.95 0.15 5.11 1.20 × 3 9.00 × 45 0.10 0.30 2.4 3.0◦ 2.0◦ 25.0 50 5.12
PKS 1502+36 0.408 8.50 × 45 95 0.75 3.18 0.06 4.11 1.01 × 3 1.01 × 45 0.05 0.40 2.5 3.0◦ 2.0◦ 18.0 28 17.13
4C 38.41 1.814 1.20 × 47 97 0.15 1.82 0.06 5.11 1.10 × 3 4.30 × 45 0.10 0.97 2.1 3.0◦ 2.0◦ 13.0 51 4.02
3C 345 0.593 4.80 × 46 94 0.40 1.32 0.15 1.11 3.00 × 3 3.00 × 45 0.10 0.98 2.6 3.0◦ 2.0◦ 11.0 49 39.01
S5 1803+784 0.680 6.00 × 46 41 0.90 4.09 0.05 3.11 6.00 × 3 5.33 × 45 0.10 0.30 2.6 3.0◦ 2.0◦ 18.0 41 15.70
PKSB 1908-201 1.119 3.01 × 46 93 0.60 1.20 0.4 5.11 2.99 × 3 7.31 × 45 0.87 0.88 2.1 2.5◦ 2.0◦ 8.0 32 21.17
PMNJ 1923-2104 0.874 1.71 × 46 32 0.76 2.83 0.1 30 1.01 × 3 1.61 × 45 0.10 0.30 2.1 3.0◦ 0.5◦ 18.0 32 19.44
OV-236 0.352 3.00 × 46 95 0.15 2.20 0.015 8.11 1.51 × 3 2.13 × 45 0.10 0.30 2.1 3.0◦ 2.0◦ 8.0 39 3.15
4C 06.69 0.990 9.60 × 46 97 0.12 8.81 0.009 8.11 6.20 × 3 1.10 × 45 0.10 0.30 2.1 3.0◦ 1.0◦ 8.0 45 22.89
PKS 2149-307 2.345 4.80 × 47 975 0.22 4.09 0.002 6.11 1.21 × 3 2.60 × 45 0.10 0.72 2.1 3.0◦ 0.8◦ 19.0 30 18.42
4C 31.63 0.295 7.91 × 45 97 0.75 4.09 0.015 5.11 1.01 × 3 2.31 × 45 0.01 0.70 2.1 3.0◦ 2.0◦ 8.0 30 69.04
PKS 2204-54 1.206 4.50 × 46 975 0.70 1.92 0.04 5.11 2.60 × 3 1.20 × 45 0.09 0.80 2.3 3.0◦ 2.0◦ 13.0 31 17.58
PKS 2227-08 1.560 2.20 × 47 97 0.15 1.76 0.015 5.11 2.41 × 3 4.90 × 45 0.08 0.90 2.3 3.0◦ 2.0◦ 11.0 47 62.76
4C 11.69 1.037 7.01 × 46 224 0.15 1.98 0.06 7.11 3.41 × 3 5.41 × 45 0.08 0.30 2.1 3.0◦ 2.0◦ 8.0 41 91.17
3C 454.3 0.859 3.20 × 47 97 0.60 0.60 0.05 5.11 5.10 × 3 5.20 × 45 0.10 0.30 2.1 3.0◦ 2.0◦ 12.0 57 5.09
PKS 2325+093 1.843 2.50 × 47 97 0.50 3.02 0.02 5.11 1.10 × 3 5.50 × 45 0.10 0.30 2.3 3.0◦ 2.0◦ 18.0 23 19.44
The quasi-simultaneous data including Fermi-LAT data
over 2 months, Planck ERCSC and non-simultaneous
ground based observations are shown in green; The
Fermi-LAT data integrated over 27 months are shown
in blue; the literature or archival data are shown in gray.
The dashed line represents the synchrotron emission, the
dotted line represents ICS on the seed photons of the
synchrotron, BLR and MT, and the thick solid line rep-
resents the total spectrum by summation all of emission
components respectively. It can be seen that the ob-
served data can be reproduced in the model.
5.2. Location of γ-ray emission region
We emphasize that the characteristic distances RBLR
and RMT could not depict the BLR and MT. In order to
determine the boundaries of the BLR and MT, we take
an interest in the energy density of BLR (Eq. (11)) and
MT (Eq. (12)) in the jet comoving frame. It can be seen
that the uBLR(r) and uMT(r) are decreased significantly
when the distance r satisfies r > RBLR, and r > RMT,
respectively. The numerical results indicate that the con-
tribution of BLR and MT could be neglected when the
uBLR(r) decreases to 10 percent of uBLR and the uMT(r)
decreases to 1 percent of uMT, where, the uBLR is the
BLR energy density at the characteristic distance RBLR,
and the uMT is the MT energy density at the character-
istic distance RMT , respectively. In this scenario, we
could set the outer boundary of the BLR and MT at the
location where the uBLR(r) decreases to 10 percent of
uBLR and the uMT(r) decreases to 1 percent of uMT, re-
spectively. These results give the energy density at outer
boundary RBLR,out of the BLR uBLR,c = 0.1uBLR and
the energy density at outer boundary RMT,out of MT
uMT,c = 0.01uMT. Replacing these results in Eq. (11)
and Eq. (12), we have
uBLR,c
uBLR
=
2
1 + (
RBLR,out
RBLR
)βBLR
, (15)
and
uMT,c
uMT
=
2
1 + (
RMT,out
RMT
)βMT
. (16)
Taking into account the radiation density profile βBLR =
3 and βMT = 4 in the model, we could deduce the outer
boundary radii of the BLR as RBLR,out = 2.7RBLR and
the MT as RMT,out = 4.0RMT. In our model, Since we
assume the external ambient fields uex(r) = uBLR(r) +
uMT(r), we argue that the choice of the inner boundary
radii of the BLR and the MT have a negligible influence.
The numerical results show that the energy dissipa-
tion region could be determined by parameter r = x0+x
through reproducing the γ-ray spectra. It can be seen
from Table 1 that modelling the SEDs of the sample give
x0 > 0.1 pc. Since the numerical results show that the
MeV-GeV γ-ray emission region depends on the param-
eters x0 with a constraint of x . x0, we could use the
parameter r ∼ x0 to define the radius of the γ-ray emis-
sion region, that is, the parameter x0 could trace the
location of γ-ray emission site from SMBH. Due to the
characteristic distance RBLR and RMT being assumed to
relate to the luminosity of a accretion disc Ld, we show
the location of the γ-ray emission site from SMBH (x0)
as a function of the luminosity of a accretion disc (Ld)
for the sample sources in Figure 9, where the sample
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Fig. 3.— Comparisons of predicted multi-wavelength spectra with observed data for IIIZW 2, PKS 0202-17, PKS 0215+015, S4 0133+47,
4C 28.07, PKS 0420-01, respcetively. The simultaneous data are shown in red; The quasi-simultaneous data including Fermi-LAT data
over 2 months, Planck ERCSC and non-simultaneous ground based observations are shown in green; The Fermi-LAT data integrated over
27 months are shown in blue; the literature or archival data are shown in gray. The dashed line represents the synchrotron emission,
the dotted line represents ICs on the seed photons of synchrotron, BLR and MT, and the thick solid line represents total spectrum by
summation all of emission components respectively.
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Fig. 4.— Comparisons of predicted multi-wavelength spectra with observed data for PKS 0454-234, PKS 0528-134, 1Jy 0537-286, 4C
71.07, S4 0917+44, 4C 55.17, respectively. Symbols and lines are same as in Fig. 3.
sources are exhibited as open circles, the red solid and
blue dashed line show the characteristic distances of BLR
and MT, the shaded regions show the extended ranges
of BLR and MT, respectively. It can be seen that 1) the
γ-ray emitting region is located at the range from 0.1 pc
to 10 pc; 2) the γ-ray emitting region is located outside
the BLR and within the MT; and 3) the γ-ray emitting
region is located at closer to the MT range than that of
the BLR.
6. DISCUSSION AND CONCLUSION
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Fig. 5.— Comparisons of predicted multi-wavelength spectra with observed data for PKS 1124-186, PKS 1127-145, 4C 49.22, 4C 29.45,
PKS 1219+04, 3C 273, respectively. Symbols and lines are same as in Fig. 3.
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Fig. 6.— Comparisons of predicted multi-wavelength spectra with observed data for PKS 1244-255, 3C 279, PKS 1502+036, PKS
1502+106, 4C 38.41, 3C 345, respectively. Symbols and lines are same as in Fig. 3.
As one of the greatest challenges, the issue of the en-
ergy dissipation location for the FSRQ is essential to
shed new light on the γ-ray emission mechanism (e.g.
Sikora et al. 1994; Blazejowski et al. 2000; Arbeiter et
al. 2002; Sokolov & Marscher 2005; Fan et al. 2006;
Bo¨ttcher 2007; Sikora et al. 2009) and/or the jet forma-
tion and collimation process (Vlahakis & Ko¨nigl 2004;
Marscher et al. 2008; Malmrose et al. 2011). In this
paper, we proposed a model-dependent method to deter-
mine the location of the γ-ray emitting region. In the
model, two assumptions have been made: (1) the extra-
relativistic electrons are injected at the base of the jet,
and then non-thermal photons are produced by both the
synchrotron radiation and ICS in the energy dissipation
region, where target photons dominating ICS originate
from both the synchrotron photon fields and external
ambient fields; and (2) the energy density of the exter-
nal radiation field is a function of the distance between
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Fig. 7.— Comparisons of predicted multi-wavelength spectra with observed data for S5 1803+784, PKSB 1908-201, PMNJ 1923-2104,
OV-236, 4C -06.69, PKS 2149-307, respectively. Symbols and lines are same as in Fig. 3.
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Fig. 8.— Comparisons of predicted multi-wavelength spectra with observed data for 4C 31.63, PKS 2204-54, PKS 2227-08, 4C 11.69, 3C
454.3, PKS 2325+093, respectively. Symbols and lines are same as in Fig. 3.
the position of the dissipation region and SMBH, where
the energy dissipation region could be determined by the
model parameter through reproducing the γ-ray spectra.
We applied the model to the quasi-simultaneous multi-
wavelength observed data for 36 FSRQs. Assuming a
steady geometry of the jet structure and suitable physical
parameters, we reproduced the multi-wavelength spectra
for these 36 FSRQs, respectively. Our results show that
the γ-ray emitting regions are located at the range from
0.1 pc to 10 pc, such a range is outside the BLR and
within the MT, moreover the γ-ray emitting regions are
located close to the MT range than the BLR range.
The present work differs from the earlier studies on
which qualitatively estimate the location of the γ-ray
emitting region (e.g. Dermer et al. 2009; Ghisellini &
Tavecchio 2009; Zdziarski et al. 2012; Georganopoulos
et al. 2012; Kang et al. 2015). This work focuses on
modelling the distance between dissipation region and
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Fig. 9.— The location of γ-ray emission site from SMBH (x0) as
a function of the luminosity of a accretion disc (Ld). We exhibit the
sample sources as open circles. The red solid and blue dashed line
shows the characteristic distance of BLR and MT, respectively.
The shaded regions show the extended range of BLR and MT.
where are determined by RBLR,out and RMT,out
SMBH on the basis of reproducing the SEDs of a FSRQ
sample. Assuming that the location of the γ-ray emitting
region should be determined by the energy dissipation or
particle acceleration processes within the relativistic jet,
we could quantify the location of the γ-ray emitting re-
gion. Despite a large number of chanciness in our results,
we argue that the model presents a diagnostic on the lo-
cation of the γ-ray emission region.
A potential drawback of the model-dependent diagnos-
tic is that our results significantly depend on the bound-
aries of the BLR and MT. Though we could estimate
the characteristic distance of the BLR and MT (Bentz
et al. 2006; Kaspi et al. 2007; Ghisellini & Tavecchio
2008; Bentz et al. 2009), the widths of the BLR shell
and MT shell are poorly known. In order to estimate
the γγ absorption in the BLR, Bo¨ttcher & Paul (2016)
adopt a thin BLR shell with RBLR, in = 0.9RBLR and
RBLR, out = 1.1RBLR. It is likely that the MT is a
clumpy structure with a range of radii extending close to
the SMBH, where the temperature is just blow dust sub-
limation (Nenkova et al. 2008a; 2008b). Following this
scenario, Malmrose et al. (2011) argued that the inner
radius of the MT is located in 1-2 pc. In the present work,
we used a simple numerical constraint with the uBLR(r)
decreasing to 10 percent of uBLR and the uMT(r) decreas-
ing to 1 percent of uMT to determine the outer boundary
of the BLR and MT, respectively. On the basis of the
simple numerical constraint, a direct evidence for the far
site scenario could be obtained.
It is believed that in the far site scenario the com-
bined effects of the decrease of the scattering cross sec-
tion (Tavecchio & Ghisellini 2008)and of the possible γγ
absorption (e.g. Donea & Protheroe 2003; Liu et al.
2008b) would result in a spectra cut-off at large photon
energy around 1 TeV. However, spectral breaks at a few
GeV have been found in several FSRQs (e.g. Abdo et al.
2009b; Abdo et al. 2010; Ackermann et al. 2010; Pouta-
nen & Stern 2010; Abdo et al. 2011; Stern & Poutanen
2011). We note that if we adopt a relaxed constraint
with the uBLR(r) decreasing to 1 percent uBLR and the
uMT(r) decreasing to 0.1 percent of uMT, the γ-ray emit-
ting regions of the sources PKS 0454-234, PKS 1124-186,
3C 279, and 3C 454.3 could be embedded into the BLR,
and the sources III ZW 2, PKS 0420-01, and 4C 06.69
could be embedded into the MT.
We note that for the far site scenario the γ-ray emit-
ting region is possible located at outside the BLR and
the external ambient fields for ICS should be dominated
by the MT. This result is consistent with the earlier issue
that is deduced from the seed factor (SF) (Georganopou-
los et al. 2012). On the other hand, there are several
observational evidences to sustain our conclusion, such
as exploring the velocity field distributions of the jet in
M87. Asada et al. (2014) suggested that most of the jet
energy is dissipated at distances of tens of pc from the
central black hole; By a probability, the FSRQs 3C 279
(Aleksic et al. 2011a), 4C 21.35 (Aleksic et al. 2011b),
PKS 1510-089 (Hauser et al. 2011) have been detected
by Cherenkov telescopes in the sub-TeV energy range;
The correlation between the millimeter variability and
the γ-ray light curves indicates that the γ-ray emitting
region should be located at 14 pc (Agudo et al. 2011a)
and ∼ 12 pc (Agudo et al. 2011b) from SMBH in the jet
of OJ 287.
The key idea of the method is to evolve the energy dis-
sipation region from the base to the end of the jet. Since
more than one component, located at different regions
from the SMBH, are simultaneously active, we could ex-
pect a energy dependent γ-ray emitting region. It is
considered that the inner regions, emitting within the
BLR, could contribute to the γ-rays component below
10 GeV, while the outer regions, beyond the BLR, could
contribute to the γ-rays component above 10 GeV (e.g.
Tavecchio et al. 2010; Liu et al. 2011a). However, in
the context model frame, we found that the higher en-
ergy photons are produced in the inner dissipation re-
gion, and the lower energy photons are produced in the
external dissipation region. Therefore we argue that a
special accelerated mechanism (Guo et al. 2015; 2016;
Levinson & Globus 2016) should be taken into account
for the verification these issues. We leave these possibil-
ity to our future work.
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